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Background: Dietary protein is a macronutrient needed for enzyme and hormone 
synthesis, and creating, maintaining and repairing body tissue. Adolescent females have 
increased protein requirements to support optimal growth and development, sexual 
maturity and immunity. The vegetarian diet appears to be gaining traction in this age 
group. Vegetarians are at risk of having low protein intakes, however, data on current 
protein intakes of New Zealand adolescent females are limited, particularly for 
vegetarian adolescent females. The aim of this thesis, therefore, is to investigate the 
dietary protein intake and food sources of New Zealand vegetarian and non-vegetarian 
adolescent females. 
Objective: To investigate the dietary protein intake and food sources of vegetarian and 
non-vegetarian New Zealand adolescent females aged 15 to 18 years. 
Design: A cross-sectional study included 280 adolescent females aged 15 to 18 years 
from 8 locations across New Zealand. The study was carried out in two phases 
(February – April and July – September 2019) via school-based and targeted vegetarian 
recruitments. Participants were asked to complete three online self-administered 
questionnaires (enrolment; attitudes and motivations for food choice; dietary habits). 
Dietary intake was assessed using two 24-hour dietary recalls and the dietary 
assessment programme FoodWorks, which calculates nutrient intakes using the New 
Zealand Food Composition Tables. Usual protein intakes were estimated using the 
multiple source method and calculated per kilogram of body weight. Prevalence of 
inadequate intakes was calculated using the EAR cut off method. Height and weight 




Results: Mean usual dietary intake of protein was 1.14 (95% CI: 1.10, 1.19) g/kg/day, 
which was above the estimated average requirements (EAR) for protein (0.62 g/kg/day) 
in this demographic group. There was a low prevalence of inadequate protein intakes in 
the overall population (7%), with the greatest prevalence being in participants of Māori 
ethnicity, living in high deprivation areas and who were obese (21%, 14% and 31% 
respectively). The vegetarian participants had a lower mean usual dietary protein intake 
(0.96 (95% CI: 0.87, 1.06) g/kg/day) compared to the non-vegetarian participants. The 
mean difference between both groups was 0.21 (95% CI: 0.10, 0.31) g/kg/day, although 
it should be noted that the mean of both groups exceeded the EAR. The mean 
contribution of protein to total energy intake for all adolescent females was 15.2 (95% 
CI: 14.8, 15.5) %, which falls at the lower end of the acceptable macronutrient 
distribution range (AMDR) of 15 – 25% of total energy. The AMDR was not achieved 
by all vegetarian participants across all demographic characteristics (age, ethnicity, 
deprivation category, weight status). Major sources of protein for non-vegetarian 
participants were poultry, bread (including rolls and specialty breads), and grains and 
pasta; whereas in the case of vegetarian participants, they were vegetables, grains and 
pasta, and bread (including rolls and specialty breads).  
Conclusion: Usual dietary protein intake of vegetarian adolescent females was lower 
compared to their non-vegetarian peers, although both groups achieved the EAR for 
protein. There was a slight increase in the prevalence of inadequate protein intakes 
compared to the ANS08/09. Vegetarian participants did not meet the lower limit of the 
AMDR. Further investigation of all sources of energy for this group is warranted to 





This study forms part of the larger SuNDiAL project (Survey of Nutrition, Dietary 
Assessment and Lifestyle). The overall aim of SuNDiAL is to assess the dietary 
intakes, nutritional status, dietary habits, health status, and attitudes and motivations 
regarding food choices of New Zealand adolescent females aged 15 to 18 years. Within 
this nationwide study, differences between vegetarians and non-vegetarians will be 
compared. 
 
Drs Jill Haszard and Meredith Peddie were the primary investigators (PI) and 
responsible for study design and ethical approval. SuNDiAL coordinator, Tessa Scott 
was responsible for school recruitment. Data collection and processing was performed 
by 29 final year Master of Dietetics students who underwent six weeks of training in 
research methods and study protocols prior to data collection. Figure 0.1 lists all data 
categories that were collected. Liz Fleming audited primary dietary data collected prior 
and Dr Jill Haszard was the study biostatistician. Academic supervision was provided 
by Dr Sue MacDonell. All investigators were from the Human Nutrition Department, 









Data category SuNDiAL data collected 
Demographics Age and sex 
Ethnicity 
Health related questionnaire 
Attitudes and beliefs around food choice Questionnaire* 




Dietary assessment Two 24-hour dietary recalls 
Nutritional supplement use 
Biochemical status Blood and urine samples* 
Activity patterns Sleep, sedentary behaviour and 
physical activity* 
*  Data collected by candidate but not used in this thesis 
Figure 0.1 All data collected for this thesis and the SuNDiAL project 
 
The candidate was responsible for: 
• Liaison with staff representatives of recruited schools in Dunedin. 
• Presenting study information to eligible students at school assemblies and 
facilitating the recruitment of 25 participants at two high schools. 
• Organising appointment times for each participant. 
• Data collection, including: 
o 24-hour dietary recalls. 
o Anthropometric measurements (height, weight and ulna length). 
o Assisting in the organisation and collection of blood and urine samples. 
o Fitting participants with accelerometers and providing activity logbooks. 
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o Ensuring participants completed the online questionnaires. 
o Collection of accelerometers and logbooks. 
• Data collection for 2 vegetarians enrolled via targeted recruitment in Dunedin. 
• Dietary data entry of 24-hour dietary recalls into FoodWorks 9 (Xyris Software 
Australia Pty Ltd). 
• Data clean-up and review for gross outliers or errors. 
• Compilation of lists of school-based participant completions for voucher 
procurement purposes. 
• Interpretation of data and results, guided by Drs Jill Haszard and Sue 
MacDonell. 
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There are currently 1.2 billion adolescents worldwide, contributing 16% of the 
total world population (1). There has been much speculation and interest in adolescent 
nutrition due to its crucial role as a prerequisite to complete growth potential. Failure to 
reach optimal nutrition intake can result in disrupted and stunted linear growth (2). 
Protein is a macronutrient which promotes hormones, antibodies and enzymes synthesis 
as well as building, maintaining and repairing body tissue (3).   
Dietary protein intake is of particular interest in this age group, especially 
adolescent females, as adolescence is a period of rapid growth and development. 
Adequate protein aids the achievement of sexual reproductive maturity, linear growth 
and fat-free body mass maintenance and development (4). Globally, adolescent females 
had adequate protein intakes (58 g/day) (5). Similar results were observed in the 
2008/09 New Zealand Adult Nutrition Survey (ANS08/09), where adolescent females 
aged 15 to 18 years had a mean protein intake of 69 g/day (3), which is above the 
estimated average requirements (EAR) for protein intake for this age group (6). 
Nevertheless, the most recent New Zealand dietary data are 10 years old and may not 
represent changes in food choices and dietary patterns that could have occurred in the 
intervening period.  
Furthermore, the prevalence of inadequate protein intakes in developed countries 
remains vague (7, 8). Vegetarian eating patterns are also gaining popularity among this 
age group (9, 10), and can mean that major protein sources such as flesh foods and 
dairy products are avoided. Findings from various countries regarding protein intakes 
of adolescent vegetarians in comparison to their non-vegetarian counterparts were 
contradictory. Although some studies showed that both groups achieved the 
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recommended protein intake (11, 12), other studies also found that these two groups did 
not achieve the protein recommendations (13, 14). Little is known, however, about the 
current protein intake of these specific populations in New Zealand.  
The aim of this thesis, therefore, is to investigate the dietary protein intake and 
food sources of vegetarian and non-vegetarian adolescent females living in New 
Zealand and identify the prevalence of inadequate dietary protein intake.  
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2 Literature Review 
2.1 Search strategy 
This literature review examines the dietary protein requirements and intakes of 
vegetarian and non-vegetarian adolescent females. A search of databases including 
ScienceDirect, Scopus and Google Scholar between July 2018 to November 2019 was 
conducted using the search terms “protein intake” and “adolescence” in combination 
with “vegetarian”, “female” and “adequacy”. Additional literature was sourced and 
screened from references in journal articles found via initial searches. Papers were 
excluded if they were not in English. The term “adolescent females” used in this 
literature review applies to adolescent females with an age range of 15 to 18 years. The 
term “vegetarian eating pattern” is used interchangeably with “vegetarian diet”.  
 
2.2 Protein nutrition 
2.2.1 Functional role of protein 
Protein has a variety of roles in the human body. It contributes to the formation, 
maintenance and repair of body tissue; and is required for the synthesis of enzymes, 
hormones and antibodies (3). Amino acids, which are the building blocks of protein, 
regulate gene expression, hormone secretion, cell signalling and key metabolic 
pathways, all of which contribute to optimal growth, reproductive ability and immunity 
(15). Furthermore, protein serves as a secondary energy source via involvement in the 
Krebs Cycle. This occurs during starvation or when the intake of carbohydrate or fats 
are inadequate (3, 16). Inadequate protein intake can lead to protein deficiency, which 
in turn causes clinical problems such as stunted growth, impaired cognitive 
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development, skeletal muscle wasting, higher risk of infections due to poor immune 
response and inefficient nutrient absorption, transport and storage (17). 
Adolescence is a period of rapid growth and development as adolescent females 
achieve maximum lean body mass by approximately 18 years old (18). This results in a 
four to six-fold increase in skeletal mass, height gain of 15% of their adult height and 
weight gain of 65% of their pre-adolescent weight (19, 20). Adrenal hormone 
concentrations also increase during female adolescence, particularly serum estradiol 
which is responsible for the widening of hips, breast enlargement and an increase in 
percentage body fat (18). This rapid growth and physical development highlight the 
importance of protein during this period. Other factors that may increase protein 
requirements during adolescence include pregnancy (6, 18) and high activity levels 
(18). 
2.2.2 Protein metabolism  
Whole proteins are digested and broken down into polypeptides in the stomach 
through the action of pepsin and hydrochloric acid. Further protein breakdown occurs 
in the intestine, where proteases such as trypsin, chymotrypsin and elastase catabolise 
proteins into individual amino acids. This process is known as proteolysis (16). The 
resulting pool of amino acids is then available for synthesis of protein and other 
nitrogen-containing compounds (21).  
There are twenty amino acids in total which are necessary to build body 
proteins. Only eleven of these amino acids, however, can be synthesised from 
metabolic intermediates or other amino acids. The remaining nine amino acids that 
cannot be synthesized are otherwise known as essential amino acids and must be 
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obtained from food. These essential amino acids include phenylalanine, leucine, 
isoleucine, tryptophan, methionine, valine, lysine, threonine and histidine (22). 
The basic structure of an amino acid (Figure 2.1) contains an α-carbon, a 
carboxyl group, an α-amino group and a R group. The twenty amino acids are 
differentiated based on their respective R-groups (23).  
 
 
Figure 2.1 Structure of an amino acid (24) 
 
2.2.3 Nutrient reference values 
Nutrient reference values (NRVs) state the amount of a nutrient that must be 
consumed for optimal physiological function as well as prevention of deficiency and 
excess intake of nutrients (6, 25). The US:Canadian Dietary Reference Intakes (DRIs) 
were used to establish the current New Zealand protein NRVs. These are used to assess 
the diets of healthy individuals and population groups (26). The various categories and 
values of NRVs relevant to protein nutrition are listed in Table 2.1. 
Also included in the New Zealand NRVs is the acceptable macronutrient 
distribution range (AMDR). This is defined as “a range of intakes for a particular 
energy source that is associated with reduced risk of chronic diseases while providing 
adequate intakes of essential nutrients” (27). The AMDR for each macronutrient is 
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presented as a percentage of contribution to total energy intake (27), which in New 
Zealand, is 15 to 25% for protein (6). The lower limit of the AMDR range was set to 
ensure that the EARs for micronutrients were able to be achieved. Consequently, the 
lower limit of the AMDR is greater than the physiological requirement of 10% energy 
from protein as this is insufficient to achieve the EAR from some micronutrients. (6). 
Adolescent females tend to have protein intakes at the lower end of the AMDR. For 
instance, American adolescent females had protein intakes just below the AMDR 
(14.4%) (7), whereas New Zealand adolescent females did achieve the AMDR, albeit at 
the lower end of the range (15.2%) (3).  
 
Table 2.1 New Zealand nutrient reference values which have relevance to protein (6) 
NRVs Definitions 






A daily nutrient level estimated to meet the 
requirements of half the healthy individuals in a 
particular life stage and gender group. 





The average daily dietary intake level that is 
sufficient to meet the nutrient requirements of nearly 
all (97 to 98%) healthy individuals in a particular life 
stage and gender group. 
45 g/day  
(0.77 g/kg). 
 
 Protein requirements of adolescent females 
The protein NRVs were estimated using the factorial approach and include an 
estimated amount to provide for growth and maintenance (6). The factorial approach 
utilised data from nitrogen balance studies (28), few of which included adolescent data 
(24). Consequently, there is a degree of uncertainty regarding the appropriateness of the 
adolescent protein NRVs.  
The NRVs for protein differ between countries due to dissimilar methodological 
and theoretical approaches used (Table 2.2). International NRVs are mentioned in this 
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thesis to consider the diverse studies which focused on recommendations set by 
different countries.  
 
Table 2.2 International nutrient reference values for protein (27, 29-31) 
Countries Protein reference values for adolescent females 
United States 0.71 g/kg/day 
United Kingdom 37.1 g/day 
Nordic countries 9% energy from protein 
Netherlands 0.6 g/kg/day or 38 g/day 
 
2.2.4 Dietary sources of protein 
Dietary protein is available from both animal and plant-based sources (Table 
2.3).  Animal proteins are considered to be complete as they contain all nine of the 
essential amino acids whereas protein from plant sources lack several essential amino 
acids. Furthermore, animal proteins are more easily digested (90 to 99%) as compared 
to plant proteins (70 to 80% digestibility) (21, 32). Nevertheless, a plant-based diet can 
provide all of the essential amino acids, providing a variety of plant-based foods are 
consumed (33). Thus, those who limit or exclude animal proteins from their diet are 
still able to achieve a sufficient intake of high-quality protein in their diet (34).  
Major sources of protein in the New Zealand diet are meat, poultry and fish 
(approximately 33%); cereals and cereal-based foods (approximately 25%); dairy 
products (approximately 16%); and vegetables (approximately 8%) (6). In contrast, 
bread-based dishes (12.6%) are the primary source of protein for adolescent females 
aged 15 to 18 years. Examples of bread-based dishes include sandwiches, filled rolls, 
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Plant 








































2.3 Vegetarian eating patterns 
2.3.1 Definitions 
Vegetarian eating patterns generally involve the exclusion of flesh foods (meat, 
poultry, seafood, wild game) and their products (9, 36). The term “vegetarian” has been 
used for the past few centuries, although the concept has existed since ancient times. 
Historically, religious beliefs were the foundation for choosing a vegetarian eating 
patterns, whereas more recently, they are sometimes followed for health, philosophical 
and ecological reasons (37). Table 2.4 describes the various types of vegetarian eating 










An individual who consumes dairy products, eggs, seafood, poultry and red 
meats such as pork and beef occasionally. 
Pollo-vegetarian 
An individual who consumes dairy products, eggs and poultry but avoids red 
meats and seafood. 
Pesco-vegetarian / 
pescatarian 
An individual who consumes dairy products, eggs and seafood but avoids 
red meats and poultry. 
Ovo-lacto-vegetarian 
An individual who consumes dairy products and eggs but avoids red meats, 
poultry and seafood.  
Lacto-vegetarian 
An individual who consumes dairy products but avoids eggs, red meats, 
poultry and seafood.  
Ovo-vegetarian 
An individual who consumes eggs but avoids dairy products, red meats, 
seafood and poultry. 
Vegan 
An individual who avoids all animal products (dairy products, eggs, seafood, 
poultry, red meats) as well as fur and leather.  
Fruitarian 
An individual who only consumes the fruit portions of plants and avoids 
foods that injure plants (root and leaf vegetables).  
 
2.3.2 Prevalence of vegetarian eating patterns in adolescent females 
Approximately 2% of adolescents living in the United Kingdom reported 
following vegetarian eating patterns. This equates to more than 1.2 million individuals 
(38). The German Health Interview and Examination Survey for Children and Adolescents 
found that 3.2% of the German adolescent female population followed predominantly 
vegetarian eating patterns (39). Conversely, the National Family Health Survey done in 
India showed that 30% of its total female population are vegetarians (40). This large 
figure could be influenced by dietary patterns heavily based on religion and culture 
(41). These varied numbers of vegetarians in different countries highlight the 
differences in rates of vegetarian eating patterns worldwide and the influence of various 
factors such as religious practice.  
The increasing popularity of vegetarian eating patterns in western countries (9, 
10) has also been observed in New Zealand. A recent social marketing poll carried out 
in 2015 showed a 55% increase since 2011 in the number of New Zealand women aged 
14 to 24 years who were following a vegetarian eating pattern (42). While indicative of 
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popular trends, this level of evidence does not provide scientifically robust data on the 
prevalence of vegetarianism in New Zealand (43). Hence, there is a need to investigate 
the prevalence of vegetarian eating patterns in New Zealand, specifically in this 
population group, where major protein sources such as meat or dairy products are 
omitted from the diet.  
2.3.3 Factors which influence vegetarian eating patterns among adolescent females  
Adolescent females have various motivations for choosing vegetarian eating 
patterns, including concerns for the environment, animal welfare, weight loss practices, 
gender equity and concerns on body appearance (44). 
A qualitative study done on New Zealand women showed that compassion 
towards animals was the most common reason for avoiding meat (45). Other reasons 
included spiritual and environmental values, disliking the smell, taste and texture of 
meat as well as distress about ingesting blood (45, 46). Belief that vegetarian eating 
patterns are more environmentally friendly also encouraged adolescent females to 
follow vegetarian diets (47).  
Moreover, physical appearance is an important concern for adolescent females 
(48). Consequently, some in this age group may adopt vegetarian eating patterns for 
weight loss purposes. Vegetarian adolescent females value weight loss and practice 
frequent dieting behaviours as compared to their omnivorous counterparts (49).  
As the vegetarian diet is linked to traditional feminine values, such as care for 
animals, vegetarian adolescent females can experience higher self-autonomy (44). For 
instance, there has been records of vegetarians leading humanitarian campaigns such as 
women’s rights, and advocating against animal cruelty and exploitation (50).   
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Furthermore, vegetarian eating patterns can also be a consequence of peer 
influences. Approximately half of the adolescent female population in an Australian 
survey reported knowing two to three vegetarians and receiving social support for 
following a vegetarian diet from their best friends and classmates (51).  
 
2.4 Dietary protein intakes   
2.4.1 Methods of assessing dietary protein intake 
The dietary protein intake of population groups can be assessed using a variety 
of dietary assessment methods, including the 24-hour dietary recall, dietary record and 
food frequency questionnaire (Table 2.5).  
 




24-hour dietary recall A subjective measure where an individual recollects all food and 
beverages intake over the past 24 hours in person, during interviews or 
via telephone with a trained interviewer. 
Dietary record A subjective measure where a trained individual records all food and 
beverages intake over no more than 7 consecutive days.  
Food frequency 
questionnaire (FFQ) 
A subjective measure where an individual reports their usual frequency 
of every food intake from a list of foods over a specific timeframe.  
 
The 24-hour dietary recall method is recommended for assessing the dietary 
intake of population groups due to its short time duration (between 30 to 45 minutes) 
and minimal participant burden (52). Although underreporting of protein intake 
assessed by 24-hour dietary recalls had been noted in several studies (52), when 
compared against nitrogen balance studies, 24-hour dietary recalls were shown to 
provide accurate estimates of dietary protein intake (54).  
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Despite its popular usage in research, potential errors in 24-hour dietary recalls 
such as day-to-day diet variation and within-individual variance should be noted. This 
arises because an individual’s diet can differ each day and there is a risk of 
measurement errors such as food omissions, food additions or inaccurate estimation of 
food portion sizes occurring (55). Moreover, data entry errors or difficulties matching 
foods or recipes to those in food composition databases can lead to data analysis errors 
if robust data management procedures are not in place (56, 57).  
Although a single 24-hour dietary recall is sufficient to estimate the mean 
nutrient intake of a population group, it is recommended that no less than two 24-hour 
dietary recalls should be performed in a subset of participants. This is to allow the 
evaluation of the distribution of dietary protein intake and to adjust for day-to-day diet 
variation (58, 59).  
2.4.2 Protein intakes of adolescent females 
A summary of journal articles which report protein intakes in adolescent 
females is shown in Appendix A. Of particular note, a systematic review which 
included 63 studies of macronutrient intake of adolescent females showed that adequate 
protein intakes were generally consumed (58 g/day) (5). In the United States, 
adolescent females aged 14 to 18 years were found to consume an average of 1.01 
g/kg/day of dietary protein (7) which is greater than the EAR for protein intake (0.71 
g/kg/day) (27). Adolescent females in New Zealand also met the EAR but at a higher 
level of protein intake (69 g/day) (3). It should be noted, therefore, that the adolescent 
female population in developed countries were consuming sufficient dietary protein 
intake to achieve their respective countries’ recommendations.  
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Of note in the New Zealand context was the higher protein, carbohydrate and fat 
intakes of Māori and Pacific adolescents relative to New Zealand Europeans (60). 
 Protein intakes of vegetarian and non-vegetarian adolescents 
There are contrasting results in terms of the protein intakes of adult female 
vegetarians and non-vegetarians. For instance, both vegetarian and vegan European 
adult females were shown to have dietary protein intake greater than the EAR (61) 
whereas a similar study of French adult females found that a significant number of 
vegans had protein intakes below the recommended range (62). A recent systematic 
review also noted non-vegetarians’ greater adherence to total protein foods (meat and 
beans) recommendations (63).  
Similar contrasts have been observed in adolescent females. In some instances, 
both vegetarian and non-vegetarian adolescent females did not achieve the 
recommended protein intake (13, 14) while other studies have found that the protein 
intake of both groups meet the dietary recommendations (11, 12).  
Differing protein recommendations from different countries make direct 
comparisons somewhat problematic (Table 2.2). Nonetheless, adolescent females in 
most western countries achieve adequate protein intakes, with most having intakes 
higher than what is recommended. This includes population sub-groups such as non-
strict vegetarians and vegans (64). 
2.4.3 Prevalence of inadequate protein intake  
One billion people worldwide in 2013 were estimated to suffer from inadequate 
protein intake, particularly in underdeveloped countries (65). This study, however, 
focuses on the population of New Zealand, which is a developed country, hence, this 
thesis will centre upon inadequate protein intakes in developed countries.  
14 
 
Due to minimal research focused on adolescents, there are varying records of 
dietary protein inadequacy in this age group. In the National Health and Nutrition 
Examination Survey executed from 2013 to 2014 in the United States, adolescent 
females aged 14 to 18 years was one of the age groups that had the highest proportion 
of inadequate protein intake (11%). This was a 3% increase in prevalence from the 
same survey done ten years earlier (7).  In contrast, a low prevalence of inadequate 
protein intake (0.7%) was observed in New Zealand adolescent females (3). One of the 
reasons behind this may in part be due to a trend of increased total dietary protein 
intake observed in the United States over the past 30 years (66). It should be noted, 
however, that the total increase is small (1%) (66). In terms of the general population, 
numerous studies have highlighted that vegetarians consume significantly lower dietary 
protein in comparison to their non-vegetarian counterparts (67, 68) which could also 
point to lower intakes for vegetarian adolescent females. 
 
2.5 Conclusion 
Protein is an important nutrient which supports optimal growth, immunity and 
reproductive capacity. Inadequate protein intake could cause skeletal muscle wasting, 
impaired growth and development and decreased function of the immune system. These 
consequences could all subsequently cause detrimental health problems such as 
increased susceptibility to infections and cardiometabolic issues. Protein intake is 
especially important for adolescent females due to the major upsurge in skeletal mass, 
height and weight gain and concentrations of adrenal hormones that play a role in 
female reproductive abilities during the adolescence period. At present, the prevalence 
of inadequate dietary protein intakes in developed countries is thought to be low. In 
New Zealand, data regarding dietary intakes are 10 years old, and may therefore not 
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represent recent changes in food choices and eating patterns. Adherence to a vegetarian 
eating pattern excludes specific protein rich food groups to varying degrees. With the 
rising uptake of the vegetarian diet, dietitians, policy makers and health professionals 
need relevant and current information regarding the nutrient intake of this group.  
16 
 
3 Objective Statement 
The overall aim of this thesis is to investigate the dietary protein intake and food 
sources of New Zealand vegetarian and non-vegetarian adolescent females aged 15 to 
18 years. The specific objectives of this thesis are to: 
1. Assess the dietary protein intake of New Zealand adolescent females aged 15 to 18 
years. 
2. Determine the prevalence of inadequate dietary protein intakes of New Zealand 
adolescent females. 
3. Identify common food sources that contribute to the dietary protein intake of this 
population. 
4. Compare the dietary protein intakes of adolescent females who follow vegetarian 




4 Participants and Methods 
4.1 Study design and participants 
This study is part of the larger Survey of Nutrition, Dietary Assessment and 
Lifestyle (SuNDiAL Project). The SuNDiAL Project is a cross-sectional multi-center 
study of female high school students aged 15 to 18 years who were enrolled in high 
schools across New Zealand (Dunedin, Wellington, Christchurch, New Plymouth, 
Nelson, Whangarei, Tauranga and Wanaka). Data collection was carried out in two 
phases: phase 1 from February to April 2019 and phase 2 from July to September 2019. 
All data was collected by final year Master of Dietetics (MDiet) students (data 
collectors) who undertook training in standardized study protocols prior to data 
collection. 
 
4.2 Ethical approval 
The SuNDiAL Project 2019 was approved by the University of Otago Human 
Ethics Committee (Health): H19/004 (Appendix B); and was registered with the 
Australian New Zealand Clinical Trials Registry: ACTRN12619000290190. The 
research proposition is supported by the Ngāi Tahu Research Consultation Committee 
(Appendix C), and all participants consented via completing an electronic consent form. 
Further ethical considerations are discussed in an excerpt from the protocol manual 
(Appendix D).  
 
4.3 School recruitment 
High schools were selected and invited to participate based on location (limited to 
accessible areas for data collectors), school decile classification and a sufficient female 
roll (co-ed: greater than 400 students or all-girls: a minimum of 200 students). 
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SuNDiAL primary investigators (PIs) and/or the SuNDiAL coordinator 
established initial contact in November 2018. The first round of invitations was sent via 
email to three schools in areas where data collectors were located. Schools that did not 
respond within two weeks were sent a second email and followed up by phone. A 
second round of recruitment was initiated if one school for each pair of data collectors 
was not initially recruited. Recruited schools gave written consent to participate in the 
study, thereby agreeing for data collectors to begin participant recruitment.   
 
4.4 Participant recruitment 
Participants were recruited in two ways: school-based recruitment and targeted 
recruitment. School-based recruitment was targeted towards all adolescent females 
whilst targeted recruitment focused on adolescent females who identified as vegetarian.  
Local data collectors contacted recruited schools to arrange suitable dates and 
access to facilities and space for data collection. Student recruitment was initiated by 
data collectors during school assemblies where presentation slides and an informative 
video of the study were shown (Appendix E). Study information was also circulated in 
school newsletters (Appendix F). Interested students provided their name, age and 
email address and participant information sheets were made available (Appendix G). 
The list of participants was compiled and emailed to the SuNDiAL coordinator. 
Alternately, students could visit the study website (www.otago.ac.nz/sundial) to obtain 
more information about the study, watch the video played during the school 
presentation, read the information sheet and subsequently register their interest to 
participate on the study website. Potential participants could contact study investigators 
by phone or email at any time if they had questions about participating in the study. 
Emails containing a link to an online Research Electronic Data Capture (REDCap) (69, 
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70) questionnaire were sent to interested students by the SuNDiAL coordinator. This 
link included online consent processes and assigning of a participant ID number. Online 
forms were also completed to allow for the capture of demographics and health 
information. Participants under 16 years of age were asked to provide a parent or 
guardian’s email address. Nominated parents were asked by email to provide online 
consent for their daughter’s participation. The link to the study was then emailed to the 
participant.  
To ensure the objective of comparing nutrition intakes of vegetarian with non-
vegetarian adolescents was able to be met, targeted recruitment of vegetarians was 
carried out in phase 2. Study advertising was placed in Dunedin newspapers (Otago 
Daily Times) and on social media platforms such as Facebook vegetarian and vegan 
groups and on Instagram. Adolescent females interested in participating in the study 
were directed to the study website (www.otago.ac.nz/sundial), where they were able to 
watch the study video, read the participant information sheet and provide their name, 
age and email address to receive a link to the online consent and enrolment forms. 
Consequently, adolescent females who lived in Dunedin, identified as vegetarian and 
who attended non-recruited high schools were also able to take part in the study. 
4.4.1 Inclusion and exclusion criteria  
Eligible participants included those who identified as female, were aged 
between 15 and 18 years, and were either enrolled in one of the recruited high schools 
or who identified as vegetarian living in Dunedin. An ability to speak and understand 
English so that they were able to complete the online questionnaires was also required.  
Participants were excluded from the study if they knew that they were pregnant, 
did not enter their name in the online questionnaire and/or asked to be withdrawn from 




4.5 Study procedures 
Upon provision of consent and completion of the enrolment questionnaire, 
participants were provided access to further online questionnaires. These included 
questions regarding demographics, vegetarianism and health status (Appendix H).  
Ethnicities derived from the 2013 Census (71) were categorized into four groups, as 
reported by participants: New Zealand European and Other (NZEO) (New Zealand 
European, Ethiopian, Somali, Italian, American, Nicaraguan, Irish, Afrikaans, Dutch, 
German, South African, Middle Eastern, Russian, Zimbabwean); Māori; Pacific 
(Tokelau, Fijian, Cook Island, Samoan); and Asian (Filipino, Japanese, Indian, Korean, 
Indonesian, Malay). Prioritised ethnic groups were implemented in this study, where an 
individual is sorted into one ethnic group based on their indicated ethnic groups in a 
prioritised order (Māori, Pacific, Asian, European/Other) (72). Although Statistics New 
Zealand recommended the discontinuation of prioritised ethnicity in 2004, this is the 
categorisation frequently utilized in Ministry of Health statistical data and is still widely 
used due to the simplicity of the data collected, as each person is presented only once 
(73-75). Participants’ socio-economic status were derived from their home addresses 
whenever available using the New Zealand Index of Deprivation 2013 (NZDep2013). 
The NZDep2013 is a measure of deprivation within an area (meshblock) (76). This 
scale was further condensed into three categories; low deprivation (scale of deprivation 
1 to 3), moderate deprivation (scale of deprivation 4 to 7) and high deprivation (scale of 
deprivation 8 to 10).  
The dietary habits questionnaire gathered information regarding attitudes and 
motivations for food choice as well as weight-loss intentions and methods (Appendix 
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I). These questionnaires were based on previously developed questionnaires (77-82) 
with adaptations to suit New Zealand adolescent females.  
An updated list of consenting participants was emailed to the data collectors by 
the study PIs every morning. Participants were contacted by the data collectors to 
arrange an appointment at school during school periods or lunch breaks (if participants 
were in the school-based recruitment group) or at the student dietitian clinic after 
school hours (if participants were in the targeted recruitment group).  
4.5.1 Dietary data 
A 24-hour dietary recall was obtained for each participant by data collectors 
using a standardized recording sheet (Appendix J). Participants were briefly asked to 
recall everything they had eaten and drank from midnight to midnight of the previous 
day. They were prompted for details such as food item brands (using the Countdown 
online website), cooking methods and estimated portion sizes with the aid of household 
measures, food models and a booklet containing photographs of different portion sizes 
(Appendix K). All data collectors were required to follow a standardized 24-hour 
dietary recall protocol to ensure standardization of data collection (Appendix L). 
Consent to complete a second 24-hour dietary recall the following weekend either by a 
video call or by phone was requested. This second recall was used to adjust for day-to-
day variation in dietary intake using the multiple source method (MSM). 
All recalled food items and the corresponding portion sizes were entered into 
FoodWorks 9 (Xyris Software Australia Pty Ltd) to enable calculation of energy, 
macronutrient and micronutrient intake.  
FoodWorks matches food to the New Zealand food composition tables 
(FOODfiles 2014; The New Zealand Institute for Plant & Food Research Limited), with 
added ANS08/09 foods and recipes. To ensure quality data collection, all data 
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collectors completed two weeks of training in dietary data collection procedures and the 
use of FoodWorks and food composition tables.  
4.5.2 Supplement usage 
Protein containing powders, such as whey protein and meal replacement 
products (Complan®) were included in dietary recalls if mentioned by the participant 
during the interview and the protein content was analysed as part of the 24-hour dietary 
recalls. Information regarding dietary supplement use was collected in the dietary 
habits online questionnaire. Participants were asked to list the types of dietary 
supplements they took, duration of usage over the past 12 months and attach pictures of 
their supplements with their labels if possible (Appendix M).  
4.5.3 Anthropometric data 
Height and weight measurements were obtained for each participant according 
to the standardized anthropometry protocol (Appendices N and O), which was based 
on published protocols (83, 84). Height was measured twice to the nearest 0.1cm using 
a portable stadiometer (Seca 213 (85)). Body weight was also measured twice to the 
nearest 0.1kg using scales calibrated by the research team (Medisana PS420, Salter 
9037 BK3R, Seca Alpha 770, or Soehnle Style Sense Comfort 400). The average of the 
two measurements for height and weight were used to calculate body mass index (BMI) 
using the equation (86):  
BMI (kg/m2) = 
Weight (kg)
Height (m) x Height (m)
 
BMI z-scores were then calculated based on the World Health Organisation (WHO) 
BMI-for-age growth chart for 5-19 year old females (86) and classified as healthy, BMI 
z-score ≥-2 & ≤1; overweight, BMI z-score >1 & ≤2; or obese, BMI z-score >2 (86).  
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An inter-rater reliability study was conducted before commencement of data 
collection to determine consistency of anthropometric measurements between data 
collectors. Mixed effects intra-class correlation coefficients (ICC) were used to assess 
inter-rater reliability, and all ICC (height and weight) demonstrated excellent agreement 
between data collectors (Appendix P). 
 
4.6 Statistical analysis 
Stata (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, 
TX: StataCorp LLC) was used for data preparation. All descriptive statistical analysis 
was carried out using Excel (version 1910, 2016 Microsoft). The MSM programme was 
used to estimate adjusted ‘usual intake’ from dietary intake estimates. MSM estimates 
day-to-day variation and adjusts within-person variation (87). Estimates of prevalence 
and means were reported with 95% confidence intervals (CI). A binary variable for 
vegetarianism was developed and comparisons between vegetarians and non-vegetarian 
were made using difference between the means (95% CI) for each group. All data 
management and statistical analysis was overseen by the study biostatistician, Dr Jill 
Haszard (PI).  
Protein intake of participants in this study was presented as both total protein 
(g/day) and intake per individual’s body weight (g/kg/day) to allow for comparison 
with both forms of the EAR for protein (6). The latter measure was calculated using the 
daily intake of protein (g/day) and dividing it by body weight (kg) for each participant. 
The difference in protein intakes between vegetarian and non-vegetarian participants 
was calculated using difference of the means method. The prevalence of inadequate 
protein intakes was determined by calculating the number of participants with protein 
intakes less than the EAR of 0.62 g/kg/day (6) as this takes into account body size 
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whereas total protein was presented to allow comparisons with previous studies. The 
contribution of protein to total energy intake was calculated using the conversion factor 
of 16.7 kJ/g (3) and reported as percentage of total energy. Food groups were 
determined by categorizing each food into its corresponding food group previously 
used in the ANS08/09. Total protein intake amounts from each of the 33 food groups 
was calculated for each participant. The ten food groups with the highest median 
intakes for the whole group were then reported (top 75th percentile was used if the 





5.1 Participant recruitment 
Twenty-nine eligible schools across New Zealand were selected for data 
collection, of which thirteen responded to the invitation to participate in the study. 
From these schools, 483 of 3936 eligible participants indicated interest in the study. A 
further twelve participants responded to the recruitment measures targeted at vegetarian 
adolescent females. Participants were excluded where there was incomplete consent, 
incomplete enrolment questionnaire or no parental consent. A total of 282 participants 
fulfilled the eligibility criteria and completed consent to be enrolled in the study. 
Additional information regarding participant recruitment is outlined in Figure 5.1.  
 
5.2 Demographics and anthropometry 
Socio-demographic characteristics of SuNDiAL participants are presented in 
Table 5.1. More 17-year-olds were recruited in comparison to the other age groups. 
The majority of participants (79%) identified as NZEO ethnicity and fewer than 20% of 
participants were residing in high deprivation areas. Approximately 35% of SuNDiAL 
participants were classified as overweight or obese. The majority of obese and 
overweight participants indicated an intention to lose weight (n = 20/26, 77% of all 
obese participants and 100% of vegetarian obese participants; and n = 35/58, 60% of all 
overweight participants and 60% of vegetarian overweight participants respectively). 
Dietary status (vegetarian versus non-vegetarian) was declared by all but one 
participant, with 243 self-identifying as non-vegetarian. Consequently, the remaining 
36 (13%) participants who self-identified as vegetarian were on average 5 months (0.4 










Table 5.1 Socio-demographic and anthropometric data for 280 New Zealand adolescent females1 
 All participants Non-vegetarians2 Vegetarians2  
Age (years), Mean ± SD3 16.8 ± 0.8 16.8 ± 0.8 17.1 ± 0.8 
15 48  (17.2) 46 (18.9) 2 (5.6) 
16 99  (35.5) 88 (36.2) 11 (30.6) 
17 113  (40.5) 95 (39.1) 18 (50.0) 
18 19 (6.8) 14 (5.8) 5 (13.9) 
Ethnicity4    
NZEO 220  (79.1) 193 (79.8) 27 (75.0) 
Māori 43  (15.5) 34 (14.0) 9 (25.0) 
Asian 9  (3.2) 9 (3.7) - 
Pacific 6  (2.2) 6 (2.5) - 
Deprivation Category4    
Low deprivation (NZDep2013 1 - 3) 102 (36.7) 88 (36.4) 14 (38.9) 
Moderate deprivation (NZDep2013 4 - 7) 127 (45.7) 110 (45.5) 17 (47.2) 
High deprivation (NZDep2013 8 - 10) 49 (17.6) 44 (18.2) 5 (13.9) 
BMI Category5    
Healthy (BMI z-score ≥-2 & ≤1) 163 (66.0) 139 (64.4) 24 (77.4) 
Overweight (BMI z-score >1 & ≤2) 58 (23.5) 53 (24.5) 5 (16.1) 
Obese (BMI z-score >2) 26 (10.5) 24 (11.1) 2 (6.5) 
1 Data are presented as n (%) unless otherwise specified. 
2 Vegetarian status data missing for one participant. 
3 Age data missing for one participant. 
4 Enrolment questionnaire data (ethnicity, deprivation category) missing for two participants. 
5 Anthropometric data incomplete for 33 participants. 




5.3 Protein intake 
Initial dietary recalls were mostly completed during weekdays (none and fewer 
than 10 dietary recalls were performed on Saturday and Sunday respectively), whereas 
a greater proportion of repeat dietary recalls were obtained on Mondays and Sundays 
(60 dietary recalls were taken on each of these days) (Figure 5.2). Complete diet recall 
data were available for 251 participants.  
 
 
























1st Diet Recall 2nd Diet Recall
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5.3.1 Mean protein intake 
The mean total protein intake for all participants was 73.3 (95% CI: 70.8, 75.7) 
g/day. Non-vegetarian participants had a similar mean total protein intake to that of all 
participants (75.3 (95% CI: 72.7, 78.0) g/day) whereas vegetarian participants had a 
lower mean total protein intake (58.8 (95% CI: 53.8, 63.8) g/day).  
Mean usual dietary protein intakes (g/kg/day) and the prevalence of inadequate 
protein intake of New Zealand adolescent females is shown in Table 5.2. The mean 
usual dietary intake of protein was 1.14 (95% CI: 1.10, 1.19) g/kg/day. There was little 
difference in mean usual protein intake across all demographic characteristics. Obese 
participants, however, had the lowest mean intake (0.78 (95% CI: 0.69, 0.87) g/kg/day) 
although it was still greater than the EAR for protein (0.62 g/kg/day) (6). A small 
descending trend in mean usual protein intake was also observed across age and 
deprivation categories, with older participants and those with higher deprivation levels 
having lower protein intakes (Table 5.2).  
5.3.2 Prevalence of inadequate protein intakes 
Approximately 2% of participants had inadequate protein intakes when protein 
was measured in g/day (n = 4/251, <35 g/day of protein (6)). However, when body 
weight was accounted for, this proportion increased to 7% (Table 5.2). There was no 
difference in the frequency of inadequate protein intake between age groups but 
participants who were of Māori ethnicity, lived in high deprivation areas and who were 
obese had the highest proportion of inadequate protein intakes (21%, 14% and 31% 
respectively). No adolescent females of Pacific ethnicity were found to consume 
inadequate dietary protein. The prevalence of inadequate protein intake was greater in 
those demographic groups who had the lowest mean usual dietary protein intake; older 
participants (0.03 (95%CI: -0.05, 0.12) g/kg/day for 15 to 16 year olds versus 17 to 18 
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year olds), high deprivation (0.16 (95% CI: 0.03, 0.29) g/kg/day for low deprivation 
versus high deprivation) and obese participants (0.47 (95% CI: 0.37, 0.57) g/kg/day for 
healthy versus obese participants) (Table 5.2). 
5.3.3 Dietary protein intake of non-vegetarians 
Non-vegetarian adolescent females had a mean dietary protein intake of 1.17 
(95% CI: 1.12, 1.22) g/kg/day and fewer than 1 in 10 participants (6%) had inadequate 
dietary protein intakes (Table 5.2). All demographic groups presented similar mean 
protein intakes among non-vegetarian adolescent females, with the exception of obese 
participants where the mean protein intake was 0.79 (95% CI: 0.69, 0.89) g/kg/day. A 
third of obese non-vegetarian participants (33%) had inadequate dietary protein intakes.  
5.3.4 Comparison of protein intakes between vegetarian and non-vegetarians 
Mean usual dietary protein intakes for vegetarian adolescent females were 
consistently lower than that of non-vegetarians for all demographic characteristics 
(Table 5.2). Vegetarian adolescent females typically consumed 0.21 (95% CI: 0.10, 
0.31) g/kg/day less protein in comparison to their non-vegetarian peers. Nonetheless, 
mean protein intakes for both non-vegetarian and vegetarian adolescent females are 
lowest in participants who identified as Māori, who have high deprivation levels and 
who are obese. Furthermore, vegetarian participants had a higher prevalence of 
insufficient protein intake across all demographic characteristics, albeit numbers are 
small. For instance, 50% of vegetarians in the high deprivation category had inadequate 





Table 5.2 Mean usual dietary protein intake and the prevalence of inadequate protein intake of 251 New Zealand adolescent females 


































15 – 16 132 1.16 (1.09, 1.22) 8 (6.1) 120 1.17 (1.10, 1.24) 7 (5.8) 12 1.04 (0.83, 1.25) 1 (8.3) 








NZEO 195 1.17 (1.12, 1.22) 7 (3.6) 171 1.19 (1.14, 1.25) 6 (3.5) 24 0.98 (0.87, 1.09) 1 (4.2) 
Māori 39 1.01 (0.91, 1.12) 8 (20.5) 32 1.04 (0.92, 1.16) 6 (18.8) 7 0.89 (0.63, 1.15) 2 (28.6) 
Asian 9 1.20 (0.90, 1.50) 1 (11.1) 9 1.20 (0.85, 1.55) 1 (11.1) - - - 








Low deprivation 92 1.21 (1.13, 1.29) 4 (4.3) 80 1.25 (1.16, 1.34) 4 (5.0) 12 0.94 (0.83, 1.05) - 
Moderate deprivation 115 1.12 (1.06, 1.78) 7 (6.1) 100 1.13 (1.06, 1.19) 6 (6.0) 15 1.06 (0.90, 1.21) 1 (6.7) 








Healthy  163 1.25 (1.20, 1.30) 3 (1.8) 139 1.29 (1.23, 1.34) 1 (0.7) 24 1.02 (0.91, 1.13) 2 (8.3) 
Overweight  58 1.01 (0.93, 1.09) 6 (10.3) 53 1.03 (0.94, 1.11) 5 (9.4) 5 0.80 (0.65, 0.94) 1 (20.0) 
Obese  26 0.78 (0.69, 0.87) 8 (30.8) 24 0.79 (0.69, 0.89) 8 (33.3) 2 0.67 (0.24, 1.10) - 
1 Vegetarian status data missing for one participant. 
2 Inadequate dietary protein intake, <0.62 g/kg/day (6).  
3 Ethnicity data missing for one participant. 
4 Deprivation levels classified as: Low deprivation, NZDep2013 1 - 3; Moderate deprivation, NZDep2013 4 - 7; High deprivation, NZDep2013 8 - 10. 
5 Anthropometric data incomplete for 33 participants. 
6 Weight status: Healthy, BMI z-score ≥-2 & ≤1; Overweight, BMI z-score >1 & ≤2; Obese, BMI z-score >2. 
Abbreviations: BMI, body mass index; CI, confidence interval; NZDep 2013, New Zealand Index of Deprivation 2013; NZEO, New Zealand European and Others. 
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5.4 Contribution of protein to total energy intake 
Adolescent females in this study consumed on average 15.2 (95% CI: 14.8, 15.5) 
percent of total energy as protein (Table 5.3). This value falls at the lower end of the 
acceptable macronutrient distribution range (AMDR) for protein (15 to 25% of total 
energy) (6). No vegetarian participants met the AMDR for protein, and this trend is 
shown in all categorisations. For instance, NZEO and Māori vegetarian participants did 
not consume sufficient energy from their protein intake (13.1 (95% CI: 12.5, 13.7) % 
and 12.8 (95% CI: 10.8, 14.8) % respectively), whereas their non-vegetarian peers 
achieved the AMDR. Similarly, when examined by deprivation category, protein 
intakes below the AMDR were greatest for vegetarian participants residing in higher 
deprivation areas (11.5 (95% CI: 8.2, 14.8) %). Furthermore, vegetarian adolescent 
females in all three weight status categories (healthy, overweight and obese) did not 













Table 5.3 Percent energy from protein of 251 New Zealand adolescent females 
 All participants Non-vegetarians1 Vegetarians1 
 n 
% Energy from 
Protein2 
Mean (95% CI) n 
% Energy from 
Protein2 
Mean (95% CI) n 
% Energy from 
Protein2 
Mean (95% CI) 








15 – 16 132 15.5 (15.0, 16.0) 120 15.7 (15.2, 16.2) 12 13.1 (11.9, 14.3) 








NZEO 195 15.5 (15.1, 15.9) 171 15.8 (15.5, 16.2) 24 13.1 (12.5, 13.7) 
Māori 39 15.1 (14.0, 16.2) 32 15.6 (14.3, 16.9) 7 12.8 (10.8, 14.8) 
Asian 9 15.6 (13.6, 17.5) 9 15.6 (13.6, 17.5) - - 








Low deprivation 92 15.9 (15.3, 16.4) 80 16.2 (15.7, 16.8) 12 13.5 (12.5, 14.4) 
Moderate deprivation 115 15.2 (14.7, 15.6) 100 15.5 (15.0, 16.0) 15 13.1 (12.4, 13.8) 








Healthy  163 15.4 (15.0, 15.8) 139 15.7 (15.3, 16.2) 24 13.3 (12.7, 13.9) 
Overweight  58 15.7 (14.9, 16.4) 53 16.0 (15.3, 16.8) 5 11.7 (9.5, 14.0) 
Obese  26 15.4 (14.1, 16.6) 24 15.6 (14.2, 16.9) 2 12.8 (4.5, 21.0) 
1 Vegetarian status data missing for one participant. 
2 AMDR for protein is 15 to 25% of total energy from protein (6). 
3 Age data missing for one participant. 
4 Ethnicity data missing for one participant. 
5 Deprivation levels classified as: Low deprivation, NZDep2013 1 - 3; Moderate deprivation, NZDep2013 4 - 7; High deprivation, 
NZDep2013 8 - 10. 
6 Anthropometric data incomplete for 33 participants. 
7 Weight status: Healthy, BMI z-score ≥-2 & ≤1; Overweight, BMI z-score >1 & ≤2; Obese, BMI z-score >2. 
Abbreviations: AMDR, acceptable macronutrient distribution range; BMI, body mass index; CI, confidence interval; NZDep 2013, 










5.5 Supplement usage 
Eight participants reported consuming whey protein powders in the dietary habits 
online questionnaire. The majority of whey protein powder usage, however, was not 
accounted for in the 24-hour dietary recalls, as dietary supplement usage was not asked 
specifically during the interview. For instance, only one participant was noted to take 
soy isolate protein powder daily (her two 24-hour dietary recalls included 30g and 15g 
of protein powder, essential protein respectively). Four of the eight participants who 
consumed whey protein powders did so irregularly (less than once per week) but did 
not report the dosage used.  
Other protein containing supplements such as spirulina or linseed, sunflower seed 
and almond (LSA) were not recorded in the 24-hour dietary recalls of 16 participants 
who had noted occasional consumption of these supplements in the online 
questionnaire. The contribution of protein from dietary supplements for these 
participants has not been accounted for in their usual protein intake, nor has it been 
calculated separately, as there was insufficient information available to allow for this to 
be quantified.  
 
5.6 Dietary sources of protein 
The top 10 food groups that contributed to the usual dietary protein intake of 
SuNDiAL participants is presented in Table 5.4. Two-thirds (67%) of total dietary 
protein intake was provided by these top 10 food groups, albeit in varying amounts. 
Specifically, poultry contributed the most to protein intake (11.0 (95% CI: 9.1, 12.8) 
%), whilst nuts and seeds supplied 3.1 (95% CI: 2.2, 4.0) % of total dietary protein 
(Table 5.4). It is worth noting, however, that one non-vegetarian participant received 
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77% of her protein intake from nuts and seeds, equivalent to a doubled increase in 
percentage of the following largest value of protein contribution to total energy intake. 
Based on her dietary intake, she consumed 97g of protein in total from almonds, salted 
mixed nuts and roasted peanuts, which is nearly three times greater than the EAR for 
protein intake (6). Contrarily, her protein intake only contributes 15.5% to her total 
energy intake.   
5.6.1 Comparison of dietary sources of protein between non-vegetarian and 
vegetarians 
The contribution of the top 10 food groups to total protein intake was greater for 
vegetarian compared to non-vegetarian adolescent females (77% and 66% 
respectively). Participants who self-identified as non-vegetarian received the greatest 
percentage of protein intake from poultry (12.4 (95% CI: 10.4, 14.5) %) whereas the 
vegetables food group was the major contributor for vegetarians (14.5 (95% CI: 9.9, 
19.1) %). It should be noted that two participants who self-identified as vegetarian 
consumed flesh foods (poultry, beef, veal and pork) on the days of their 24-hour dietary 
recalls. Subsequently, the greatest difference in food group contribution to total protein 
between non-vegetarian and vegetarian participants was observed in the vegetables (9.2 
(95% CI: 4.5, 13.9) %) and grains and pasta (5.0 (95% CI: 3.0, 9.7) %) food groups. 
Furthermore, when the contribution of flesh-based food groups were excluded, the 
following additional food groups contributed to the dietary protein intake of vegetarian 
participants: potatoes, kumara and taro (3.8 (95% CI: 2.1, 5.6) %), fruit (3.3 (95% CI: 





Table 5.4 Top 10 food groups that contributed to the dietary protein intake of 251 New 
Zealand adolescent females 
Food Groups 
All Participants 






























































































1 Negative values indicate lower percentage contribution to protein intake for vegetarian participants compared to non-
vegetarian participants, whereas positive values indicate higher percentage contribution to protein intake for vegetarian 
participants in comparison to their non-vegetarian peers.  





6 Discussion and Conclusions 
This study investigated the protein intakes of vegetarian and non-vegetarian 
adolescent females in New Zealand. Vegetarian adolescent females had a lower mean 
usual dietary protein intake in comparison to non-vegetarian adolescent females, 
though the mean of both groups exceeded the EAR for protein of this demographic 
group. Consequently, only a small proportion (7%) of the total population had 
inadequate dietary protein intakes. The largest proportion of participants, both non-
vegetarian and vegetarian, who had inadequate dietary protein intake were those who 
identified as Māori, resided in areas of high deprivation and were obese. Notably, no 
vegetarian participants achieved the AMDR for protein. Two-thirds (67%) of total 
protein intake was sourced from ten food groups, with vegetarians receiving the 
majority of their dietary protein from food groups including bread (including rolls and 
speciality breads); grains and pasta; bread-based dishes; vegetables; milk; cheese; nuts 
and seeds; potatoes, kumara and taro; fruit; as well as cakes and muffins.  
 
6.1 Mean usual protein intake and inadequate protein intake 
The mean usual dietary protein intake for all adolescent females in this study was 
slightly higher than the mean intake reported previously for New Zealand adolescent 
females (73.3 g/day versus 69.0 g/day respectively) (3). The mean intake of this group 
also exceeded the mean protein intakes of adolescent females in the United States and 
in low and middle-income countries (5, 7). The prevalence of inadequate protein 
intakes was low; however, when considered in g/day, there was a greater overall 
prevalence of inadequate protein intake relative to that reported previously in 
ANS08/09 (2% versus 0.7%) (3). Interestingly, the prevalence of inadequate protein 
intakes increased to 7% when body size was accounted for (g/kg/day). This may have 
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resulted from concentrated efforts on targeted vegetarian recruitment and the smaller 
sample size in comparison to the ANS08/09. Nevertheless, greater differences were 
observed when body size was considered and suggests that measuring protein in 
g/kg/day may be a more accurate way of measuring dietary protein adequacy.  
A higher prevalence of inadequate protein intakes was observed in obese 
adolescent females, those of Māori ethnicity and in those who lived in areas of high 
deprivation. This finding is potentially influenced by household food security. Almost 
half (47.3%) of New Zealand adolescent females aged 15 to 18 years reported moderate 
food security in an interviewer-administered questionnaire consisting of eight 
statements in regard to household food security (3). Māori adolescent females 
experienced the highest rate of low food security and food security decreased in 
relation to deprivation quintiles (3). Expensive animal protein foods such as dairy, meat 
and fish are foregone in food insecure circumstances and may, therefore, contribute to 
the higher prevalence of inadequate protein intakes observed in this demographic group 
(88). This highlights that dietary intakes can be influenced by external environments 
rather than being solely determined by the individual and that such factors should be 
considered when working with people from these demographic groups.  
A higher prevalence of inadequate intakes was also observed in participants who 
were classified as obese. This is in contrast to previous literature which saw higher 
dietary protein intakes for obese adolescent subjects in both New Zealand and Europe 
(89, 90). This raises the question of whether or not adolescents with high BMI have 
increased protein requirements. Research shows that this might not be the case, as diets 
with adequate protein content are sufficient for body weight loss as well as 
maintenance in overweight or obese individuals (91). Moreover, increased protein 
consumption was found not to be beneficial in treating adolescent obesity (92). 
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Furthermore, a systematic review found positive associations between significant 
underreporting of dietary intakes and increased body weight (93, 94). These points 
should be considered along with body composition before drawing firm conclusions. 
6.2 Contribution of protein to total energy intake 
The mean contribution of protein to total energy intake for all SuNDiAL 
participants was adequate but at the lower end of the AMDR for protein (15.5 (95% CI: 
15.1, 15.8) %). This is similar to that reported in the ANS08/09 and for Finnish 
adolescents (3, 11). Importantly, no vegetarian participants met the AMDR, despite 
achieving the EAR for protein intake. Common vegetarian food groups such as nuts 
and seeds, milk, cheese, as well as potatoes, kumara and taro have higher carbohydrate 
and/or fat content in comparison to protein (35, 95). Increased consumption of these 
food groups may reduce chances of meeting the AMDR for protein, while still 
providing adequate total protein. Moreover, the AMDR ensures the EARs for 
micronutrients for most of the population are met (6). Thus, the appropriateness of 
using the AMDR for specifically vegetarian adolescent females should be considered.   
The other demographic categories in this study where the AMDR is not achieved, 
however, may indicate other reasons for an imbalance in the distribution of 
macronutrients in the overall diet. Detailed exploration of this finding was beyond the 
scope of this thesis but warrants further investigation, particularly for vegetarian 
participants who reside in areas of high deprivation and who also had the lowest mean 
usual protein intake.  
All obese vegetarian participants in the SuNDiAL Project indicated an intention 
to lose weight. This motivation may be one of the underlying reasons for their low 
mean percentage of protein contribution to total energy intake. This factor is supported 
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by other studies that found this was a rationale for following a vegetarian diet (48, 49). 
It is noteworthy that their intention might be counter-intuitive, however, as diets 
containing adequate amounts of protein foods assist with satiety and may be beneficial 
in weight management (96).  
6.3 Vegetarian participants 
A lower mean protein intake of vegetarian participants compared with the non-
vegetarian participants (-0.21 (95% CI: -0.31, -0.10) g/kg/day) has been consistently 
observed in both other age groups and adolescent females (12, 67, 68, 97).   
Not surprisingly, there were differences in the food sources of protein for 
vegetarian and non-vegetarian participants. Vegetarian participants were found to 
consume more protein from vegetables and from grains and pasta relative to their non-
vegetarian counterparts. This concurs with previous studies (62, 63) and is due to non-
vegetarians relying on animal products as a major protein source (8).  
The term “vegetarian” has many classifications, and some vegetarians do 
consume several flesh products (36). This was observed in the current study, where 
flesh products (poultry, beef, veal and pork) were included by two vegetarian 
participants. Furthermore, at least one non-vegetarian participant had a high reliance on 
nuts and seeds as a source of protein. While these participants could be classified as 
semi-vegetarians or flexitarians, the reasons for these choices are not clear, but may be 
due to external influences such as family eating patterns or a mere reflection of the 
expanding range of vegetarian classifications. It does highlight, however, the 
importance of clarifying what individuals mean when they identify as vegetarian.  
Some differences in the contribution of food groups to usual protein intake were 
also observed in this study compared to the ANS08/09. These included an increase in 
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protein from vegetable sources (6.4% in SuNDiAL versus 2.8% in ANS08/09), lower 
contribution from bread-based dishes (8.0% versus 12.6%) and a larger proportion of 
protein from nuts and seeds (3.1% versus 0.6%) (3). This provides some evidence of a 
shift towards greater reliance on plant proteins over the past 10 years (44). It should be 
noted, however, that comparisons made between the ANS08/09 (nationally 
representative data) and this study (population-specific representative data) should be 
interpreted with caution.  
6.4 Strengths and limitations 
To the best of our knowledge, this is the first study to compare protein intakes of 
vegetarian and non-vegetarian adolescent females in New Zealand, thereby adding to 
the body of literature. Another strength of this current study is the use of repeated 24-
hour dietary recalls which allowed for intakes to be adjusted and better represent usual 
dietary intake and improved data quality. The sample size obtained during the 
SuNDiAL Project also represented a wide range of school deciles drawn from both 
urban and rural settings across New Zealand, albeit the size of some demographic 
groups were too small to allow strong conclusions to be drawn. Furthermore, this study 
highlights the importance of measuring dietary protein intake based on body size, as it 
accounts for meeting protein requirements within a particular population.  
Nevertheless, this study does have several limitations. Firstly, direct comparisons 
between vegetarians and non-vegetarians are limited by the small number of overall 
vegetarian participants. This limited the ability to categorise participants according to 
various vegetarian classifications as the resulting group sizes were too small to support 
robust analysis. Secondly, total protein intake was not able to be quantified due to the 
incomplete capture of supplement usage, albeit few adolescent females (eight 
participants) were taking protein supplements. Moreover, the current study attracted 
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fewer respondents from high deprivation areas (49 participants), thus causing possible 
skewing of results. Furthermore, repeat 24-hour dietary recalls may not always 
accurately represent actual intake as individuals may change their dietary patterns if 
they are aware of performing a 24-hour dietary recall the following day. However, 24-
hour dietary recalls have been found to accurately estimate dietary protein intakes (54) 
and as a result, the overall findings of this study are likely to be representative of 
dietary protein intakes. 
 
6.5 Implications for future research 
The results obtained from this study indicate further research is required to fill 
knowledge gaps in this age group. There is limited evidence regarding dietary intakes 
of people residing in New Zealand at present; the most recent survey done in this field 
was executed 10 years ago (3). It is interesting to note the sources of protein consumed 
by this age group. In the present study, there appears to be no distinctive trend in the 
types of protein sources consumed across all demographic characteristics. Moreover, 
although vegetarian participants in this study still achieved the EAR for dietary protein 
intake (6), detail regarding the intake of specific essential amino acids is not currently 
available. For instance, there is a risk that lysine intakes may be low if their protein 
intake only consists of one plant source such as wheat, legumes or rice (8). Hence, 
research which focuses on the types of protein sources and the protein quality 
consumed by this age group is warranted. This could provide a more comprehensive 
understanding of both the distribution of macronutrients in the total diet as well as their 
ability to meet the requirements of essential amino acids. Further examination of the 
factors which influence inadequate dietary protein intakes, especially among vegetarian 
adolescent females and females residing in areas of high deprivation is warranted. The 
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adequacy of the protein intakes of overweight and obese vegetarian adolescents should 
also be examined, particularly in light of the intent to achieve weight loss intentions, 
which was identified in this study.  
6.6 Conclusion  
The results of this study will provide a useful update to the 10-year-old 
ANS08/09 regarding dietary protein intake and food sources of protein in this age 
group. Mean usual dietary protein intake of the general adolescent female population is 
higher than the EAR for protein with a resulting low prevalence of inadequate protein 
intakes amongst New Zealand adolescent females. Usual dietary protein intake of 
vegetarian adolescent females, however, was consistently lower in comparison to their 
non-vegetarian peers, regardless of demographic or anthropometric characteristics. 
Consequently, protein contributed a smaller proportion of total energy intake for 
participants who self-identified as vegetarian. Further research is required to identify if 
the current AMDRs for adolescent females are suitable for those who choose vegetarian 
eating patterns. Consideration of the higher prevalence of inadequate protein intakes is 
also needed when working with New Zealand adolescent females of Māori ethnicity, 
who are obese and who are living in high deprivation areas.   
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7 Application of Research to Dietetic Practice 
7.1 Part A 
Despite the low prevalence of inadequate dietary protein intake found in this study, 
dietary protein is undoubtedly essential in the diet of adolescent females. Not much 
focus had been given specifically to this population beforehand, so the present study 
would help inform dietitians on the importance of taking care of the needs of vegetarian 
adolescent females. This subsequently allows dietitians to meet their role in providing 
life cycle advice under their areas of dietetic expertise in accordance to Dietitians New 
Zealand (98).  
The main findings discussed in this research highlight some similarities regarding 
comparisons between vegetarians and non-vegetarians found in other studies, with the 
unique perspective on New Zealand adolescent females and their demographic 
characteristics. This enables dietitians to base their practice on information obtained in 
the New Zealand context. For instance, dietitians are able to focus their attention on 
adolescent females who are more prone to have inadequate protein intakes, such as 
those of Māori ethnicity, categorised as obese and reside in high deprivation areas.  
Public health dietitians would also be advised on the current food sources 
consumed by vegetarians in this age group, and they can in turn inform the general 
public via nutritional guidelines tailored for this population subgroup.  
Furthermore, the large proportion of obese vegetarian participants with intent to 
lose weight found in the present study would prompt dietitians to identify any 
underlying reasons of following a vegetarian diet during consultations. Consequently, 
vegetarian obese adolescent females would receive appropriate dietary advice to meet 
their protein requirements.  
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7.2 Part B 
Research is constantly evolving; I often discovered new literature during 
literature searches throughout the thesis writing period. I found this learning to be 
significant because when I initially started searching for literature, I did not realise that 
new findings would emerge within short time frames, such as weeks or even days. This 
outlook is perhaps due to having limited prior knowledge on comprehensive literature 
searches.  
This experience has prompted me to reflect on what it means to be a competent 
dietitian and why the research component is included as a requirement in Master in 
Dietetics. Additionally, I have considered the eventual importance of keeping up to date 
with literature for best evidence-based practice. In retrospect, I discovered that my 
skills in searching, interpreting and reviewing research data had improved. These skills 
will be essential in fulfilling my role of being a competent dietitian due to effective 
integration of understanding literature and translating it into practical dietary advice.  
Nevertheless, I will need to consistently look out for new findings following 
research completion to further develop these skills. Looking back, I work on a ‘practice 
makes perfect’ basis, hence practicing this step as a new dietitian allows me to exercise 
and refine the skills obtained from doing this research component and ultimately 
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Appendix A: Protein intake studies table 
Title, Author, Year Study Design & Objectives Results + Sample Size 
Protein intake trends and conformity with 
the Dietary Reference Intakes in the 
United States: analysis of the National 
Health and Nutrition Examination 
Survey, 2001–2014 
 
Berryman, Lieberman, Fulgoni, Pasiakos 
2018 (7) 
Cross-sectional study 
Dietary assessment: 2 non-consecutive 24-h recalls 
Country: United States of America 
Objectives: 
1. Characterize protein intake trends over past 14 years (2001–2014) and 
assesses recent (2011–2014) conformity with protein-specific DRIs 
according to age, sex, race, and ethnicity in the US population 
2. Evaluate protein intake trends and DRI conformity parameters by race 
and ethnicity and in Americans aged ≥80 years 
Adolescent (aged 14–18 y) females and older 
(aged ≥71 y) men had the largest population 
percentages below the EAR (11% and 13%, 
respectively) 
Majority of the American population exceeds 
minimum recommendations for protein 
intake 
Protein intake remains well below the upper 
end of the AMDR 
 
Sample size, n = 57,980 aged ≥2 years 
Prevalence of vegetarian diet among 
children and adolescents in Germany: 
Results from EsKiMo II  
 
Patelakis et al 2019 (39) 
Nationwide representative study, stratified, clustered, and randomized sub-
group of the second follow-up survey (10 years later) 
Dietary assessment: food intake assessment, computer-assisted personal 
interview with participant 
Country: Germany 
Objectives: 
1. Present the prevalence of vegetarian children and adolescents in Germany 
according to sociodemographic variables and differences in weight status 
and “other behaviour patterns” (exercise activity, participation in school 
meals, and use of dietary supplements) 
A total of 3.3% of children and adolescents 
in Germany follow a vegetarian diet 
0.1% (n = 3) follow a vegan diet 
The proportion of girls following a 
vegetarian diet is significantly higher than 
among boys 
 








The Dietary Intake and Practices of 
Adolescent Girls in Low- and Middle-
Income Countries: A Systematic Review  
 
Keats et al 2018 (5) 
Systematic review 
Dietary assessment: inconsistent dietary measures and indicators 
Countries: Africa, East Asia and Pacific, Europe and Central Asia, Latin 
America and the Caribbean, Middle East and North Africa, South Asia 
Objectives: 
1. Summarize current dietary intake (types of foods consumed, 
macronutrients, and energy intake)  
2. Summarize patterns (frequency of consumption) 
3. practices (snacking and skipping meals) among adolescent girls (10–19 
years) in low and middle-income countries 
Mean ± SD of protein intake = 64 ± 20 g/day 
Macronutrient intake of adolescents was 
significantly lower in Africa and South Asia, 
particularly for protein and fat 
 
Sample size, n = 14,721 (42 studies) 
High compliance with dietary 
recommendations in a cohort of meat 
eaters, fish eaters, vegetarians, and 
vegans: results from the European 
Prospective Investigation into Cancer and 
Nutrition–Oxford study  
 
Sobiecki, Appleby, Bradbury, Key 2016 
(61) 
Prospective cohort study 
Dietary assessment: Semiquantitative food frequency questionnaires (FFQs) 
Country: United Kingdom 
Objectives:  
1. Estimate and compare mean daily nutrient intakes between the 4 diet 
groups 
2. Estimate the prevalence of inadequate intakes based on food intakes alone 
3. Compare the mean daily nutrient intakes with recommended group-level 
dietary targets 
High compliance with population dietary 
goals and low estimated prevalence of 
dietary inadequacy 
 
Sample size, n = 30251 participants aged 30 
to 90 years (18244 meat eaters, 4531 fish 
eaters, 6673 vegetarians, 803 vegans) 
Comparison of Sociodemographic and 
Nutritional Characteristics between Self-
Reported Vegetarians, Vegans, and 
Meat-Eaters from the NutriNet-Santé 
Study  
 
Allès et al 2017 (62) 
Cross-sectional study 
Dietary assessment: 3 repeated 24-h recalls 
Country: France 
Objectives:  
1. Investigate sociodemographic and nutritional characteristics (prevalence 
of dietary nutrient inadequacy, related to self-reported vegetarianism or 
veganism) 
2. Describe the intake of plant-based protein-dense foods and other plant-
based food products that have been more recently introduced in the 
French food market 
The highest proportions of individuals 
complying with acceptable protein intake 
was found in vegetarians 
Mean of total proteins intake (g/day) = 
vegetarians (66.6 g/day); vegans (62.0 
g/day); meat-eaters (80.7 g/day) 
 
Sample size, n = 93,823 participants (90,664 
meat-eaters, 2370 vegetarians, and 789 







Diet quality of vegetarian diets compared 
with nonvegetarian diets: a systematic 
review  
 
Parker, Vadiveloo 2019 (63) 
Systematic review 
Dietary assessment: Priori assessment of diet quality indexes 
Countries: Belgium, United States, Canada, Germany, Australia, Italy 
Objectives: 
1. Compare the diet quality (including total and component scores) of 
vegetarian and nonvegetarian diets 
Higher Healthy Eating Index-2010 scores for 
vegetarians were driven by closer adherence 
to recommendations for total fruit, whole 
grains, seafood and plant protein, and sodium 
Non-vegetarians had closer adherence to 
recommendations for refined grains and total 
protein foods 
 
Sample size, n = 144, 628 adults aged ≥18 
years (12 studies) 
Nutritional status of vegetarian and 
omnivorous adolescent girls  
 
Meirelles, Veiga, Soares 2001(13) 
Cross-sectional study 
Dietary assessment: FFQs, three-day food record including one weekend day 
Country: Brazil 
Objectives: 
1. Compare the nutritional status of vegetarian and omnivorous Seventh-
Day Adventist adolescent girls 
Only 17% of the vegetarians was able to 
reach the recommended allowance for 
protein 
Three-day food record revealed that 
vegetarians consumed significantly lower 
amounts of energy, protein, fat, and 
cholesterol than omnivores. 
Sample size, n = 60 Seventh-Day Adventists 
(24 ovo-lacto-vegetarians, 36 omnivores) 
aged between 15 and 18 years old 
Dietary habits and nutrient intake of 
Finnish adolescents  
 
Hoppu, Lehtisalo, Tapanainen, Pietinen 
2010 (11) 
Cross-sectional study 
Dietary assessment: Questionnaire, 48-h recalls 
Countries: Finland 
Objectives: 
1. Evaluate food and nutrient intake, and especially eating patterns during 
school day (school lunch and snacks), among Finnish secondary school 
pupils 
Mean ± SD of protein intake of adolescent 
girls = 62 ± 18 g/day (within recommended 
range) 
 








Vegetarian diets in children: a systematic 
review  
 
Schürmann, Kersting, Alexy 2017 (12) 
Systematic review 
Dietary assessment: not specified 
Countries: Europe, Northern America, Australia / New Zealand 
Objectives: 
1. Systematically review the literature on vegetarian type diets in infants, 
children, and adolescents from birth to 18 years to clarify the risks and 
the benefits on dietary intake and nutritional or health status 
Non-specified vegetarians = protein intake 
met reference values 
Seventh-Day Adventists had lower protein 
intake compared to omnivores 
 
Sample size, n = not specified (24 studies) 
 
Dietary intake and iron status of 
Australian vegetarian women  
 
Ball, Bartlett 1999 (68) 
Systematic review 
Dietary assessment: 12-day weighed dietary records 
Country: Australia 
Objectives: 
1. Compare iron intakes and iron status of Australian women who eat no red 
meat, or eat it less than once per month, with those of age-matched 
omnivorous women who eat meat regularly 
Vegetarians had significantly lower intakes 
of protein (P < 0.01) 
 
Sample size, n = 74 female participants (50 
vegetarians, 24 omnivores) aged 18 to 45 
years 
Dietary intakes of Pacific, Māori, Asian 
and European adolescents: the Auckland 
High School Heart Survey  
 
Sluyter et al 2010 (60) 
Cross-sectional survey 
Dietary assessment: Self-administered FFQs 
Country: New Zealand 
Objectives: 
1. Compare the dietary intakes and food group servings of European, Māori, 
Pacific Island and Asian adolescents living in Auckland 
Carbohydrate, protein and fat intakes were 
higher in Māori and Pacific Islanders than in 
Europeans 
 
Sample size, n = 2,549 high school students 







































Appendix D: Ethical Considerations in SuNDiAL Project Protocol Manual 
 
13. Ethical Considerations  
 
13a. Ethical Standards 
 
This study is conducted in full conformity with the current revision of the Declaration 
of Helsinki, or with the International Conference for Harmonization Good Clinical 
Practice (ICH-GCP) regulations and guidelines, whichever affords the greater 
protection to the participant, as well as the laws and regulations of New Zealand. All 
dietetic students are trained under the Code of Health and Disability Services 
Consumers' Rights 1996. They adhere to the New Zealand Dietitians' Board Code of 
Ethics. 
 
13b. Quality Assurance 
 
This research will be conducted by researchers who are highly skilled in the technical 
aspects of this research study, in particular dietary and nutritional assessment.  
 
13c. Risks/safety considerations 
 
Participant Burden: To reduce the respondent burden for the participant, questionnaires 
will be completed online in their own time. For those recruited through schools, 
completing the second dietary assessment questionnaire outside of school time will also 
minimize any further disruption to the participant’s school day.   
 
Blood sampling: There is a risk of discomfort, pain and bruising from the blood test. 
Participants will be informed of these risks, and an experienced nurse or phlebotomist 
will collect the blood samples and ensure strict aseptic technique is followed during 
blood collection to minimize any risk of infection. 
 
The data collectors will be briefed on health and safety policies and procedures at their 
respective schools and will comply with these for the duration of the study. Examples 
of such policy and procedure will include, but not be limited to: 
Emergency procedures 
Biological sample handling  
MDiet students have been vaccinated for Hepatitis B as a requirement for admission 
into the Dietetics program. 
 
 
Informed Consent Process 
Information about the study will be provided to potential participants at either an in-
school presentation; and/or through the website, where an informative video about the 
study can be viewed and a detailed information sheet will be available. The information 
sheet will also be provided at the school presentation. Participants will be encouraged 
to discuss this with their family/whanau. Participants can enter their name, age, email 
address, and school on the website (or on a sign-up sheet at the school presentation) if 
they are interested in participating. At this point an ID number will be assigned to them 
and an email sent with a link to the consent form. If at any time potential participants 




Once participants have had all their questions answered they can provide consent by 
completing the consent form electronically. The participant (or their legally authorized 
representative) can withdraw consent at any time throughout the course of the study. 
Consent information will be stored electronically in REDCap. 
 
Participant Confidentiality 
Participant confidentiality is strictly held in trust by the investigators. This 
confidentiality is extended to cover testing of biological samples and to the clinical 
information relating to participants. 
Upon enrolment, participants will be assigned a unique identifying code, this is done 
automatically by REDCap.  To preserve confidentiality, during data collection all data 
will be recorded against this ID number.  The information linking the code to the 
participant’s identity will be stored in a separate password protected file that only the 
PIs (MP and JH) and the SuNDiAL coordinator will have access to. 
Responses to online questionnaires will be electronically linked to study ID numbers, 
as will accelerometer data.  Study ID number will also be written on all biological 




Once the data from the study have been analysed, the participants will be provided with 
an overall summary of the results.  Participants are also free to request a copy of their 
individual data. All participants who provide a blood sample will also be provided with 
their biochemical haemoglobin, mean cell volume, mean cell haemogolbin, platelets, 
white blood cells, folate and B12 status, with a note about how to interpret these values.  
If investigators identify a risk of anaemia in any participant they will be advised to see 
their general practitioner to speak to them about these results. 
 
Participating schools will also be provided with a summary of both the overall results 
as well as a summary of selected results obtained from their school (e.g. percentage of 
girls consuming breakfast, average number of servings of fruits and vegetables etc.) 
If student investigators are concerned about an aspect of the nutritional or mental health 
of a study participant, they may suggest that the participant contact their school 
counsellor and/or nurse.  
 
Data Management 
Data will be collected as per Standard Operating Procedures and cleaned as per 
standard data entry procedures. Data quality checks will be run on all entered data to 
check for accuracy, consistency and completeness. The results database will be stored 
on the investigators’ computers, all of which are password protected.  A backup copy 
may also be stored on the University’s shared server space, but only the PIs (JH and 
MP) will have the password that will enable access to the data stored on the server.   
 
Information linking participant identity to their ID number will be stored in a separate 
password protected file that only the PIs (JH and MP) will have access to.  The only 
reason this information will be accessed once the study is completed is if the participant 
requests their individual results.  This file will be destroyed once all participants have 
been given the opportunity to request individual information.  The de-identified 


















Appendix F: Study Information Advertisement in School Newsletters 
 
The University of Otago is recruiting 15-18 year old girls, including vegetarians and vegans, to 
take part in the SuNDiAL Project – an exciting new project about what teenage girls eat, why 
they eat, what they do, and more!  
You can get up to $30 worth of supermarket vouchers if you complete all parts of the 
SuNDiAL Project. 































Appendix G: SuNDiAL Project Participant Information Sheet 
 
 
Participant Information Sheet 
 
Study title: The SuNDiAL Project 2019: A survey of nutrition, dietary 
assessment and lifestyle  
Principal 
investigators: 
Names Dr Jill Haszard & Dr 
Meredith Peddie 
Department: Human Nutrition 
Position: Research Fellows 
Contact phone number: 
03 479 5683 
03 479 8157  
 
Introduction 
Thank you for showing an interest in this project.  Please read this information sheet carefully. 
Take time to think about it and talk with family or friends before you decide whether to take 
part or not. 
If you decide to take part we thank you.  If you decide not to take part that won’t 
disadvantage you and we thank you for considering our request.    
What is the aim of this research project? 
We don’t know much about teenage women’s food intakes and lifestyles in New Zealand. We 
suspect that they don’t get enough of some nutrients like iron sometimes, and that this can 
make them feel tired and affect their health. Teenagers often make their own decisions about 
what foods to eat, but we don’t know very much about why they choose the foods they eat. 
Therefore in 2019 the SuNDiAL project is going to investigate food intakes, nutrition, health, 
and why female high school students (aged 15-18 years) choose to eat the way they do. 
Who is funding this project? 
This project is funded by the Department of Human Nutrition, University of Otago, and a 
Lottery Health Research Grant. 




We are looking for at least 300 female high school students who are between 15 and 18 years 
old.  To be eligible to take part, your high school must have agreed to take part in the study, or 
you must live in Dunedin and be able to attend a clinic visit at the Department of Human 
Nutrition after school, you must speak and understand English, and be able to complete the 
questionnaires. 
If you participate, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 
1) Complete an online questionnaire 
After you have completed the consent process you will be asked to complete a 
questionnaire that asks questions about your health and some general questions such as 
what ethnicity you identify with this questionnaire also asks you about your overall eating 
habits, and why you choose to eat the foods that you do.  This questionnaire will take 
about 30 min to complete.   
2) Attend a session at your school, or at the Department of Human Nutrition with our 
research team  
This visit will take about 60 minutes and you will be asked to: 
• Complete a face to face interview with one of our research team during which you 
will be asked to recall everything you ate and drank the day before.   
• At this session one of our research team will also measure your height, your weight, 
and the length of your lower arm – these measurements will be done twice to make 
sure they are as accurate as possible. This will be done in a private space and you 
won’t be told these measurements unless you ask for them.  
 
3) Complete a second interview about the food you have eaten on another day 
Sometime in the 2 weeks after you have finished the session at school, or at the 
Department of Human Nutrition, you will be contacted by the research team and asked to 
complete a second interview in which you will be asked to recall everything you ate and 
drank on a different day of the week than the first interview .  This is important because 
sometimes you can eat quite differently from one day to the next.  This interview will be 
performed over facetime or zoom, at a time that is convenient for you. 
There are three other parts to the SuNDiAL project that are entirely optional.  
Please read the following information carefully before you decide whether to take part in 
these optional bits of the study. If you agree to do these, but change your mind later, that’s 
OK - there is no disadvantage to not you if you decide not to do these. You will be asked again 
on the day if you still want to do them. 
1) Provide a blood sample 
We would like you to provide a blood sample (which would be collected by someone with 




Department of Human Nutrition), but we understand that not everyone feels comfortable 
about this so it is entirely up to you if you do this.  However, if you do provide a blood 
sample, we can tell you whether you’re iron deficient or not. You can still take part in the 
rest of the study even if you don’t do this bit. 
2) Provide a urine sample 
We would also like you to give a urine (“pee”) sample (which is easy for you collect yourself 
in the bathroom with the equipment we give you, during the session at school, or at the 
Department of Human Nutrition). You can still take part in the rest of the study even if you 
don’t do this bit. 
3) Wear an accelerometer for a week 
We would also like you to wear a small red box called an accelerometer on an elastic belt 
24 hours a day for the seven days following the session at your school.  This will tell us how 
much time you spend sitting down, moving around, and sleeping.  If you choose to wear 
the accelerometer you will be asked to complete a little diary about the times your took 
the device off, and what time you went to bed each night on the days that you wear it. One 
of our research team will return to your school the week after this visit to collect the 
accelerometer, or will arrange a time to collect it from you. You can still take part in the 
rest of the study even if you don’t do this bit. 
After the completion of the study you will receive a $5 voucher for each component of the 
study that you complete .  That is $5 for completing the online questionnaire, $5 for 
completing the face to face interview about what you ate in the last 24 hours, $5 got 
completing the second interview about what you ate;  $5 for providing a blood sample; $5 for 
providing a urine sample or $5 for wearing the accelerometer for a week.  Adding to a possible 
total of $30 in vouchers. 
 
Is there any risk of discomfort or harm from participation? 
If you choose to provide a blood sample, you should know that there is a risk of a little pain or 
discomfort, and possibly a small bruise from the blood test.  Any bruising should only last a 
few days and an experienced nurse or phlebotomist (someone with training to take blood 
samples) will collect the blood to minimize any discomfort to you. 
 
What specimens, data or information will be collected, and 
how will they be used?  
The answers you provide to the questionnaires and the food questionnaire will be entered 
into a database with every other participants’ answers. All your answers will be kept 
confidential and stored using an id number, not your name. This information will provide 




New Zealand. Information about why people eat the way they do will also be very helpful if 
some eating patterns provide health benefits. Ultimately, the results of this study will support 
the development of up-to-date government and health agency guidelines for young women in 
New Zealand. 
If you provide a blood sample it will be divided into 3 separate parts.  One part will be taken to 
a local laboratory where it will be analysed for Vitamin B12 concentrations and a complete 
blood count.  The other two parts of your blood sample will be transported to the Department 
of Human Nutrition at the University of Otago where they will be stored in a freezer until we 
have finished collecting all the blood samples from around the country.  When all the blood 
samples have been collected, one part of your blood sample will be sent to Germany where it 
will be analysed for ferritin, soluble transferrin receptor, retinol binding protein, C-reactive 
protein and alpha-glycoprotein.  We are sending this sample to Germany because they have a 
special machine that can measure these things on a much smaller amount of blood, at a smaller 
cost, than we can do in New Zealand.  The remaining part of your blood sample will remain at 
the Department of Human Nutrition, where it will be analysed for plasma selenium and plasma 
zinc, thiamin, plasma folate, Vitamin B6, Leptin, Interlukin-6 and blood lipids. 
If you provide a urine sample it will also be transported to the Department of Human Nutrition 
at the University of Otago where it will be stored in a freezer until it is analysed for iodine 
concentrations.  
Once all of the analysis on your blood and urine samples has been completed they will be 
disposed of using standard biohazard protocols.  On the consent form you can indicate to us if 
you would like your samples disposed of with a Karakia (Māori Prayer).  We will only test your 
samples for the things listed here, and won’t test them for anything else. 
 
What about anonymity and confidentiality? 
Your information will be identified with an ID number only in the database that contains the 
results of the study.  This database will be stored on the researchers’ computers which are 
password protected.  A backup copy may also be stored on the University’s shared server 
space, but only Jill Haszard and Meredith Peddie will have the password so no one else can 
access the information .   
The information linking you to your ID number will be stored in a separate password 
protected file that only Jill Haszard and Meredith Peddie will have access to.  The only reason 
they would access this information once you have completed the study would be if you 
requested your individual results.  This file will be destroyed once all participants have been 
given the opportunity to request individual information.  The de-identified information 
collected as part of this research will be kept in secure storage for at least 10 years. 




You may pull out of the project before the study has been completed (anticipated to be 
October 2019) without any disadvantage to yourself of any kind. Once data collection is 
completed and your information is integrated into the study it will no longer be possible to 
withdraw your information from the study. 
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
Name: Dr Jill Hazsard 
Position: Senior Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 5683 
Name: Dr Meredith Peddie 
Position: Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 8157 
This study has been approved by the University of Otago Human Ethics Committee (Health). If 
you have any concerns about the ethical conduct of the research you may contact the 
Committee through the Human Ethics Committee Administrator (phone +64 3 479 8256 or 
email gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and 




































































































































































Appendix L: 24-Hour Dietary Recall Protocol 
 
24 Hour Recall 
 
Introduce yourself to the participant, thank them for participating in the sundial 
project and ask them to take a seat. 
 
“I am going to ask you about everything that you ate and drank yesterday.  Please try 
to recall, and tell me about everything that you had to eat and drink, whether it be at 
home, or away from home, including snacks, drinks and water.” 
 
Stage One – Quicklist 
“First, we will make a quick list of all the things you ate and drank, and then we will go 
back over this list and I will ask you more details about the specific foods and drinks, 
and the amounts.”   
 
“It might help you remember what you ate by thinking about where you were, who 
you were with, or what you were doing yesterday; like going to school, eating out, or 
watching TV.  Feel free to keep these activities in mind and say them aloud if that 
helps.” 
 
“So starting from midnight the day before yesterday, what was the first thing you 
remember eating?” 
 
Start recording quick list – keep prompting until finished  
 
“That’s great.  Sometime people forget to tell us about drinks, particularly water when 
we do this list.”   
 
“How much water do you remember drinking yesterday?” (record)  
 
“Did you have any other drinks you might have forgotten about?” (record) 
 
Stage two – Collect more information 
“I am now going to ask you some more specific questions about each food.  We also 
need to work out how much of each food that you ate or drank” 
 
“Let’s start at the beginning – the first thing you remember eating was xxxx”  (record) 
 
What time did you eat/drink that? (record) 
 
Go on to collect specific information that is relevant to each food based on the tips 
provided on the tip sheet.  Record as much specific information as you can.  Record 





Use the photos and measurement aids to help the participant estimate the portion 
size.  Remember that brand and package size will always give you the most accurate 
information. 
 
Before you go onto the next food on the quick list be sure to ask if they added anything 
to the food they have just described. 
 
Stage 3 – check for any further additions 
 
“Ok, thanks for working with me to provide all of that detail.  We are now going to do 
one more check to make sure there isn’t anything else that should be on this list.  I am 
going to read this list back to you.  If you remember anything else that you ate while I 
am reading it back to you please interrupt me and we will record in” 
 
Read through with the participant all the food and drink they have listed 
 
“Is there anything you can think of that we need to add in?” (record as necessary) 
 
“Last Question:  Do you know if the salt you use at home contains iodine?” (tick 
appropriate box) 
 
“Great thank you again.  If it is ok with you one day in the next week I would like to 
ring you and go through this process again on a different day, so that we can get an 
idea of how the foods you eat change from day to day.  What time of the day (outside 
of school time) would suit you for me to ring you?” 
 
Record preferred times - remember, ideally this second 24 h recall will occur on a 
randomly selected day, but that might not always be possible (at the very least it 









Remember that the more information you can obtain about each food the more 
accurate the data is going to be.  Please keep in mind that some of your fellow MDiet 
students are writing their thesis on nutrients (like Folate) that will vary from brand to 
brand depending on fortification so please be as careful and accurate as possible. 
 
You need to gather more information about each food identified on the Quicklist.  
Below are some prompts that might help you do this. 
 
Where possible for packaged foods collect the brand name 
 
Potential questions to consider asking (depending on the food reported) 
• What is the brand name? 
• Was it fresh, canned, frozen or rehydrated? 
• Was it home made?  Do they know the recipe? If they do record on the recipe 
sheet) – this is more important for savory foods than baking (as the basic 
composition of a biscuit or a cake varies much less than the composition of, for 
example, a stir fry) 
• How was it cooked?  Was it baked, fried, or boiled 
• Was the item coated before cooking, if so what it with flour, batter, eggs, or 
breadcrumbs etc? 
• Was it standard, low fat, low sugar caffeine free? 
 
Do not 
x Collect information about herbs and spices that are used in very small 
quantities 
x Ask leading questions 
x Ask for recipes for traditional home baking, but do note if it is gluten free.  
x Make assumptions  
 
Do 
✓ Keep your prompts neutral 
✓ Ask about cooking method and the type of fat used in cooking e.g. if they say 
baked, ask what with? 
✓ Collect brand names for margarine, butter, juices/fruit drinks, breakfast 
cereals, energy drinks, breads, dairy alternatives (e.g. almond milk) as the 
micronutrient content of these products can vary considerably from brand to 
brand. 
✓ Ask for the recipe for less traditional home baking (e.g. brownies made with 






Useful Prompts for Specific Food Groups 
 
FRUIT 
• Peeled or unpeeled 
• Colour? – e.g. red/green apple 
• Tinned? – if so was it tinned in syrup or juice, how much of the syrup/juice did they 
have  




• Fresh, frozen or Tinned (if tinned were they tinned with flavoured 
sauce/syrup/juice) 
• Cooking method – boiled, baked (with fat/oil – what type and how much?), 
microwaved, steamed etc 
• Colour – e.g. red/green capsicums 
• Potatoes – with or without skin, if mashed what was added and how much? 
• Quantities could be recorded in cups (sliced/whole/mashed/diced) or how much of 
a whole vegetable (e.g. ½ a medium capsicum) 
• Use photos to help estimate portion size for similar vegetables not shown in 
pictures (e.g. broccoli can be used to estimate cauliflower, peas can be used for 
corn or bean etc).  Use thickness guides and rulers to help estimate sliced 
vegetables (e.g. cucumber). 
 
DAIRY 
• Milk – brand name and fat content (show picture of bottle tops) 
• Yoghurt – brand and with fruit or plain/natural or vanilla, reduced fat, low fat 
• Ice cream – brand, any additions?  If in a bowl use pictures to help estimate 
amounts.  
• Cheese - - type (e.g. Edam, Colby, Feta), brand, grated (in cups or use pictures) or 
sliced (thickness guides) 
 
NUTS 
• Roasted, raw, salted, other favouring, blanched 
• Whole, chopped, slivered 
• Mixed – with or without peanuts 




• White, wholemeal, wholegrain, light or dark rye (use photos to help with 
identification) 
• Brand name (important for fortification) 
• Toast or sandwich slice (thick or thin) 
• For buns – any toppings (don’t worry about small amounts of seeds, but do record 






• People often use the term butter and margarine interchangeably so collect the 
brand name (do not comment on the fact they might not have used the correct 
description) 
• Low fat or standard 
• Phytosterols (cholesterol reducing) 
• Use pictures to help indication of thickness of spread 
DRINKS 
• Juices/Fruit Drinks  
o Terms used interchangeably so always collect brand information if possible 
o 100% juice or fruit drink 
o No sugar added or sweetened? 
o Added vitamins 
o Commercial or freshly squeezed 
o Did they dilute with water, is so how much 
o Use cups or pictures of cans and bottles to help estimate portion size 
 
• Fizzy drinks 
o Brand 
o Flavour 
o Diet, standard, zero sugar, type of sweetener 
o Caffeinated 
o Use cups or pictures of cans and bottles to help estimate portion size 
 
• Made from liquid (cordial) or powdered concentrate (raro) 
o Brand and flavour details of concentrate 
o Standard or low energy/ low sugar version 
o How much concentrate? 
o Did they make it with water or something else? 
o How much water or other substance was added? 
 
PACKAGED FOODS 
• Brand and package size most important 
• Did they consume everything in the packet? 
 
MIXED DISHES 
• Try and record recipe if possible 
• If recipe unavailable try and get as much detail as possible 
• Check any protein ingredients, starchy ingredients, vegetables, sauces 

































































Appendix O: Anthropometric Measurements Protocol 
 
ANTHROPOMETRIC MEASUREMENTS  
 
Gain verbal consent from the participant for each measurement and explain fully 
what you will do to obtain them. Before beginning, gain consent from the 
participant to use non-permanent pen for marking anatomical land marks. 
 
NB: anthropometry tapes have a blank lead before measurement markings 
start - consider this when reading a measurement. 
 
HEIGHT 
1. Ask the participant to remove their 
shoes, as well as any hair ornaments 
or buns/braids on the top of the head. 
 
2. If the participant is taller than the 
investigator, use a step tool to take the 
measurements.  Errors can be 
minimised by the investigator being 
parallel to the participant and the 
headpiece.  
 
3. Tell the participant to stand with their 
heels together and toes apart pointing 
outward at approximately a 60-degree 
angle. 
 
4. Make sure the back of the head, 
shoulder blades, buttocks, and heels of 
the participant are touching the 
backboard/stadiometer. 
 
5. Make sure the participant’s head is 
aligned in the Frankfort horizontal 
plane, where a horizontal line connects 
from the ear canal to the lower border 
of the orbit of the eye. 
6. Lower the headpiece to rest firmly on the top of the participant’s head and 
ask the participant to stand as tall as possible and take a deep breath. 
 
7. Record the result to the nearest 0.1 cm in the HEIGHT 1 box on the 












1. Ask the participant to remove any heavy clothing (such as jackets, heavy 
tops, boots etc). As the participant would have just had their height 
measurement done, they should not be wearing shoes. 
 
2. Turn on the scales, ensure they are switched on to metric (kg). 
 
3. Ask the participant to step on to the scales so that they are facing away from 
the display (prevent seeing the weight) cautioning them that they need to 
step up onto the scales. 
 
4. Wait for the scales to read or come to a stable number. 
 
5. Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 box 
on the recording sheet without informing the participant  
 
ULNA LENGTH:  
Ulna length is measured between the point of the elbow and the midpoint of the 
prominent bone of the wrist using an anthropometric tape. This value is then 
compared with a standardized height conversion chart. Participants should be 
dressed in light clothing with no wrist watch or other jewellery on the arm that is 
to be measured. 
1. Measure between the point of the elbow and the midpoint of the prominent 
bone of the wrist (non-dominant side). 
 
2. Read and accurately record the measurement to the nearest 0.1 cm in the 
UNLA LENGTH 1 box on the recording sheet without informing the 
participants. 
REPEAT ALL MEAUREMENTS 
 
Repeat all three measurements again, in the same order, entering the 
measurements in the HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as 
appropriate (do no tell participant measurements). 
 
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units 
apart?  If so take a third measurement where required.
 




Appendix P: Information on ICC  
 
To demonstrate consistency between data collectors in the measurement of 
anthropometric measures in the SuNDiAL study, an inter-rater reliability study was 
carried out before the study started. Twenty-seven of the 30 data collectors took part in 
this assessment. Twelve girls (convenience sample) between the ages of 15 and 18 gave 
consent to have their height, weight, and ulna length measured. Each data collector 
measured four girls twice. These repeats were not successive and data was recorded on 
a fresh page for each repeat. A standard protocol was provided to all data collectors. 
Measurements were not to be read out loud. Inter-rater reliability was assessed using 
mixed effects intra-class correlation coefficients (ICC).  
 
The ICC for weight was 1.00; the ICC for height was 0.92; and the ICC for ulna length 
was 0.86. All ICC indicated excellent agreement between data collectors. Of note, 
variation in measures for height were greatest when measuring the tallest girls, 
suggesting that more care may be needed when measuring taller girls. In response to 
this, a step stool was provided to all data collectors and instructions to use safely when 
needed.  
 
 
